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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] The carbon content fuel in a flame in a burner chamber is burned, and a condensate or soot is 
generated.; 

The collection point in the flame to the front face of a burner corresponding to the residence time (when 
the residence times differ, fullerene yield differs from a presentation) for choosing a presentation, in order 
to increase the yield of fullerene is chosen.; 

At this collection point, it is independent or a flame to a condensate is taken out with soot.; 

It is independent or condensing-with controlled cooling rate-this condensate; and the condensed 

condensates are collected with soot (the collected this condensate is independent or contains the 

fullerene generated in this flame with soot).; 

How to manufacture ****** fullerene. 

[Claim 2] The approach according to claim 1 of introducing an additive into a flame for improvement in 
fullerene production. 

[Claim 3] The approach according to claim 2 chosen from the group in which said additive contains 
halogens and alkaline earth metal, alkali metal, and iron. 

[Claim 4] The approach according to claim 1 by which said condensates are collected from the tail of a 
flame. 

[Claim 5] The approach according to claim 1 by which said condensates are collected from the inner 
surface of a burner room. 

[Claim 6] The method according to claim 1 of collecting said condensates from the interior of a flame. 
[Claim 7] The method according to claim 6 of collecting said condensates from the interior of a flame by 
taking out a condensate out of a flame with a probe, and collecting said condensates in a trap. 
[Claim 8] The approach according to claim 1 of collecting from a flame, condensing said condensate by 
that cause, and carrying to the point collecting in a flame, when said condensate pours in a refrigerant or 
chemical quenchant into a flame. 

[Claim 9] The approach according to claim 1 the range of C70 / C60 ratio is 0.26-5.7. 
[Claim 10] The approach according to claim 1 a pressure is reduced pressure. 
[Claim 11] The approach according to claim 1 the range of flame temperature is 1400K-3000K. 
[Claim 12] The approach according to claim 1 a flame is a soot generation flame. 

[Claim 13] The approach according to claim 1 of being the flame with which a flame does not generate 
soot. 

[Claim 14] The approach according to claim 1 a carbon content fuel is a hydrocarbon. 

[Claim 15] The approach according to claim 1 a carbon content fuel is the product guided from a fossil 

fuel or it. 

[Claim 16] The approach according to claim 1 a carbon content fuel is benzene. 

[Claim 1 7] The approach according to claim 1 carbon/oxygen ratio is size from 0.5. 

[Claim 18] The approach according to claim 1 solvent extraction, liquid chromatography, a gas 

chromatography, sublimation, or distillation separates fullerene from a condensate. 

[Claim 19] The approach according to claim 1 a flame is a laminar flow or a turbulent flow. 

[Claim 20] The approach according to claim 1 of including further introducing an additional fuel into a 

flame in the selected postflame region. 

[Claim 21] The approach according to claim 1 a carbon content fuel is the product guided from a biomass 
fuel or it. 

[Claim 22] The approach according to claim 1 a carbon content fuel is an aromatic series carbon content 



fuel. 

[Claim 23] The approach according to claim 1 a carbon content fuel is an oxygenated fuel. 

[Claim 24] The approach according to claim 1 the carbon/oxygen ratio of a fuel and an oxidizer are size 

from 0.5. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Background of invention This invention relates to a closing squirrel cage type carbon molecule well-known 
as buckminsterfullerene (Buckminsterfullerenes) or fullerene. 

Fullerene was reported by Kroto et aj. at first in the carbon steam generated by the laser radiation of 
graphite [Nature 318,162-164 (1985)]. Fullerene C60 is the closing squirrel cage type carbon structure 
which has a footbalHike appearance including 20 membered-rings [ six ] and 12 membered-rings [ five ]. 
Since these compounds express the new kind of carbon other than two well-known gestalten, graphite, 
and diamonds, the scientific interest is attracted. 

Fullerene has many important applications. The capacity which carries out inclusion of the metal cation 
into the structure suggests that it can be used as a catalyst in a industrial process. The potassium 
fullerene C60 is a superconductor whose Tc is 1 1 K. Fullerene C60 front face tends to receive a chemical 
reaction, for example, hydrogenation, and fluorination. The fluorinated fullerene is expected as good 
lubricant. 

By the cheap and efficient approach, the practicality of fullerene is checked by the ability not 
manufacturing the ingredient in large quantities, and is not fully demonstrated, recently, C60 and C70 
fullerene came to be manufactured in large quantities by evaporation of the graphite by resistance heating 
— " — Krautschmer et al.Nature 347,354-358 (1990) — ] . Since formation of the fullerene in soot 
generation flame (sooting flame) can use many data to these flames, it is very promising. The hydrogen 
which exists in soot generation flame is supposed that it is easy to form the aromatic series structure 
known as polycyclic aromatic hydrocarbon (PAH) including fullerene. Gerhardt et al. is 
[Chem.Phys.Lett. 137,306-310 (1989)] which has the same molecular weight as fullerene among a flame 
and which detected carbonaceous ion altogether. Existence of the neutral kind in a flame is not yet 
established clearly. 

Outline of invention The purpose of this invention is offering the approach for compounding fullerene in a 
flame. The further purpose of this invention is offering the approach for optimizing the inversion to the 
fullerene of fuel carbon. The further purpose of this invention is offering the means for changing a 
fullerene presentation alternatively. The relative yield of the fullerene which have different molecular 
weight and the chemical structure is meant as a fullerene presentation. 

In one mode of this invention, fullerene burns a carbon content compound in a flame, and it is 
manufactured by collecting the condensates (condensibles) of the flame. A condensate contains fullerene. 

In another mode of this invention, fullerene burns a carbon content compound in a flame, and it is 
manufactured by collecting the condensates. Flame conditions are chosen so that fullerene yield may be 
optimized. A condensate contains fullerene. 

Further, in another mode, a fullerene style burns a carbon content compound in a flame, and is 
manufactured by [ of this invention ] collecting the condensates. Flame conditions are chosen so that a 
fullerene presentation can be changed alternatively. 

Condensates can be collected with soot, when it or soot exists. A condensate or soot is collectable from 
the interior of the tail of a flame to a flame, or the inner surface of the burner chamber which adheres 
during combustion. A condensate is collectable from the interior of a flame by taking out a condensate in 
a probe or a pipe and leading the flow to a trap. In actuation with a big scale, a pipe can also be cooled 
with a water jacket and a means to control a cooling rate is provided. 

In a desirable embodiment, flame conditions are set up by controlling the residence time in a C/O ratio, 
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room pressure (chamber pressure), and a flame, dilution concentration, and a gas rate. An argon is a 
desirable diluent. Fullerene inversion of a fuel increases, so that it becomes an elevated temperature, 
room pressure falls and a C/O ratio increases. Fullerene yield and a presentation change depending on 
the residence time in a flame. However, the effectiveness is not monotonous. 

In another embodiment of this invention, flame temperature is raised, and thereby, in order to raise 
fullerene yield, a flame is further supplied to energy from an external energy source. As a desirable energy 
source, electric resistance heating of an input style, microwave heating, discharge heating, and 
counterflow heating (countercurrent heating) are mentioned. The range of flame temperature is 1400K- 
3000K substantially. 

In other embodiments, an additive can be included in a flame. By reducing the amount of the available 
hydrogen in a flame, an additive, for example, halogens, can be used in order to increase the inversion to 
the fullerene of a fuel. An additive, for example, alkalide earth metals, alkaline metals, and iron can be 
included in a flame, in order to change the property of fullerene. It is added by fullerene and especially a 
potassium can generate a superconduction compound. 

In other desirable embodiments, room pressure is reduced pressure. A flame may be soot generation 
flame and may be a flame which does not generate soot. A flame may be a laminar flow and may be a 
turbulent flow. A fuel is one of hydrocarbons, a fossil fuel, a biomass fuel, or a product guided from these. 
A C/O ratio is larger than 0.5, and preferably, it is within the limits of 0.72-1.07, and although diluent 
concentration is 0-40~mol% of within the limits substantially and can also be made still quicker still on a 
scale with a industrial gas rate, it is within the limits of 14 - 75 cm/s substantially. The yield of fullerene 
is 0.003 - 7% of range of total soot mass substantially. The yield of fullerene is 0.002 - 0.24% of range of 
fuel carbon substantially. 

In another mode of this invention, room pressure is maintained near atmospheric pressure or the 
atmospheric pressure, and flame conditions make fullerene yield max and are controlled to acquire a 
desired fullerene presentation. 

In order to give the further flexibility, a stable flame can be attained at the C/O ratio adjusted so that 
fullerene yield might be optimized, a C/H weight ratio, a pressure, diluent concentration, temperature, the 
residence time, and a gas rate. A fuel is introduced into a flame in the selected postflame region which 
the main flame combustion essentially completes. As long as a fuel generates fullerene under the 
conditions attained in a stable flame, it may be what kind of carbon content compound. Condensates are 
collected and fullerene is contained in this condensate. Thus, the conditions in which fullerene is formed 
are not governed by the requirements for flame stability. 

Fullerene can be refined using the purification technique from the former. Solvent extraction can extract 
fullerene from soot. An extract can be refined further and a different fullerene fraction is separated using 
liquid chromatography, a gas chromatography, supercritical fluid chromatography, sublimation, or a 
distillation technique. 

Easy explanation of a drawing Drawing 1 is the electron impact mass spectrum of a flame soot extract. 
Drawing 2 is the high performance liquid chromatogram of a flame soot extract. 
Drawing 3 is the UV-Vis (ultraviolet - visible) spectrum of C60 fullerene. 
Drawing 4 is the UV-Vis spectrum of C70 fullerene. 

Explanation of a desirable embodiment If the approach of this invention is followed, a benzene fuel will 
burn in a flame. Under the conditions of various range, soot samples are collected from a flame and a 
fullerene content and a presentation are analyzed using the technique from the former. 
In the low voltage interior of a room equipped with the feed through (feed-through), the optical diagnostic 
equipment, and the probe for a window and viewing, the reserve mixolimnion style flame of the benzene 
and oxygen which have an argon diluent is stabilized on a water-cooled burner, and is exhausted by the 
reduced pressure pump. A flame lets it pass and is stabilized with the diameter of flat 70mm ahead 
displaced to homogeneity from the drill kappa burner (drilled copper burner) with which supply mixture is 
supplied. A flame is surrounded by the flame which does not generate the annular soot which gives a 
thermal shield, and the temperature of the interior and the concentration of a seed give mostly the about 
1 -dimensional core which changes only with the distance or the residence times from a burner front face. 
Although the burner was used for the nucleation of soot, and device research of growth before, the 
studied flame is about the type which can use temperature and the remarkable data about chemical 
composition. 

The flame was made to generate under the conditions of various single strings in the following range, 
burner room pressure 1.60 - 13.35kPa; atom C/O ratio 0.72-1.07; — diluent mol%0-30; — 14-75cm/s in 
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gas rate in burner 298K Each flame was maintained for 1.6 to 2.8 hours. 

The soot sample was produced on various experiment conditions. The soot sample was taken out from 
the flame also in the tail of a flame also in the predetermined distance from the burner in a flame using 
the probe, reduced pressure pump, and gas meter of Xtal combined with the room temperature filter. Soot 
was collected also from the inner surface of a burner chamber after each experiment again. It became 
clear using flame temperature and gas presentation information that the soot mass and the gas volume 
which were collected with the probe were equivalent to the soot yield of 0.8 - 12% of range of supply 
carbon among various flames. 

The approach for analyzing the soot collected in various experiments was performed as indicated below. 
The soot sample was extracted and filtered by toluene using the ultrasonic bath at the room temperature. 
Evaporation to dryness of the solution from one of a sample was carried out, and the mass spectrometer 
analyzed it. A typical electron impact (EI) mass spectrum is shown in drawing 1. The direct insertion probe 
heated to 373K-673K was used in order to collect samples. EI mass spectrum showed the peak which has 
an isotopic ratio very near the isotopic ratio expected about C60 and C70, and showed that a soot sample 
contained the mixture of C60 and C70 which have the molecular ion in m/e 720 and 840, and the 
bivalence electric charge molecular ion in m/s 360 and 420, respectively. This conclusion was checked by 
the Fourier transform infrared spectroscopy about the KBr pellet sample of a soot extract. The spectrum 
containing the peak reported about fullerene C60 and C70 before and a peak in agreement was obtained. 
One as a result of [ interesting ] this analysis is that C70 / C60 ratio was farther [ than the ratio (0.02- 
0.18) to which the resistance heating graphite sample of fullerene is reported ] large. These differences 
emphasize the important effectiveness of processing the yield of fullerene, and the conditions about a 
presentation. 

Fractionation of the toluene extract of a soot sample was carried out by the high performance liquid 
chromatography combined with the spectrophotometer diode array detector (DAD). The separation 
scheme currently proved to be effective in big PAH was used. The typical HPLC chromatogram about a 
toluene extract is shown in drawing 2. Separation was performed by the methanol-dichloromethane mobile 
phase using the octadecyl joint silica column. An absorption shaft gives the sum of absorption over the 
236-500nm wavelength section. The shown large band DAD resonance is proportional about to the mass 
about PAH. displaying — having had — C - 60 — and — C - 70 — a peak — respectively — C — 60 — 
and — C — 70 — fullerene — a kind — ******** — being well-known — a peak — very much — 
agreeing — ultraviolet — ( — UV — ) — a spectrum — having given . It seems that it relates to fullerene 
structurally although the peak displayed as a, b, and c gives UV spectrum which can be returned to 
neither of the well-known PAH(s). One or more [ of these satellite peaks ] was what usually exists in the 
chromatogram of the soot extract containing fullerene. 

In order to obtain the ultraviolet-visible-spectrum (UV-Vis) spectrum of a large band, the solution from 
the HPLC fraction of a soot extract was condensed by evaporation, and the HPLC mobile phase was 
permuted by the decalin of a spectrum grade. The UV-Vis spectrum of C-60 and C-70 peak was obtained 
using the spectrophotometer. [J. which was the same as that of the thing about C60 and C70 which were 
reported by Ajie et al. in viewing respectively They are Phys.Chem.94 and 8630-8633(1990)]. 
The mass spectrum of the HPLC fraction considered to be C60 and C70 was obtained using the 
equipment and the technique which were mentioned above. C-60 peak gave the mass spectrum which has 
all the properties it was reported that C60 fullerene was. Said mass spectrum gave the molecule base 
peak to m/e720, and did not show loss of hydrogen, but had remarkable bivalence electric charge 
molecular ion in m/ e360. Similarly, C— 70 peak gave the mass spectrum which has the property which 
agrees with the mass spectrum released about C70 very much, contained the molecule base peak in 
m/e840, and gave the bivalence electric charge molecular ion peak to m/e420. Therefore, identification of 
the HPLC peak suggested with a UV-Vis spectrum is checked with a mass spectrum. Including weight 
measuring of C60 and C70, subsequently, the HPLC method was used in order to analyze the toluene 
extract from all soot samples. 

The yield of C60+C70 about various samples, and C70 / C60 ratio are reported. The yield of C60+C70 
generated under various flame conditions is 0.003 - 7% of the mass of soot, and this is compared with 1 - 
1 4% from graphite evaporation. The greatest yield equivalent to 702.2g of C60+C per 0.24% or combustion 
kilogram benzene of fuel carbon was obtained by 49.1cm/s in the pressure of 20torr, and gas rate of the 
burner in the argon 10% C/O ratios 0.995 and 298K. Flame temperature was about 1800K. When these 
results and the capacity to scale up a combustion reaction machine are given, flame composition is an 
exception method which excites the interest for fullerene manufacture. 
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- The relation between flame conditions, the last fullerene yield, and a presentation is complicated. The 
factor which affects the last presentation of soot is specified as the residence time in a C/O ratio, room 
pressure, diluent concentration, and a flame, flame temperature, and a gas rate. It was observed that 
C60+C70 yield is so high that a C/O ratio is so high that a pressure is generally so low that temperature 
is high. However, effectiveness is not monotonous. 

For example, if a pressure is reduced, it will suggest that the yield of C60+C70 increases. However, in 
order to reduce a pressure, there is a minimum, and if it is exceeded, yield will fall. Low voltage reduces 
the rate of flow of the mass which passes along a flame, thereby, reduces temperature and has effect 
which is not desirable on fullerene yield. 

Similarly, theoretically, all hydrocarbons are usable as fuel sources for fullerene composition. However, 
rather than other things, a certain thing burns at an elevated temperature, and has a C/H weight ratio 
with a certain high thing. Selection of a fuel fully affects fullerene yield and a presentation. 
Although samples were collected in the location where burner chambers differ, this means that the 
residence times in a flame differ. By the various residence times, various fullerene yield and a 
presentation were observed about the sample. A fullerene inversion profile can be generalized as a 
function of the residence time in a flame, and condensates can be alternatively collected by the time 
amount equivalent to the yield by which desired fullerene was optimized, and a presentation. 
These parameters are important for the last fullerene yield and a presentation, and in order to compound 
fullerene efficiently, in case fullerene manufacture is made into max, it should recognize that it is 
necessary to pay attention to the competition effectiveness of various processing parameters. 
The range of C70 / C60 ratio about various flame conditions was 0.26-5.7 to GURAFAITO evaporation 
being 0.02-0.18. This ratio about the above-mentioned conditions of maximum C60+C70 yield was 0.86. 
By setting up flame conditions, the capacity which the yield of C70 is increased and controls C70 / C60 
ratio differs from a graphite evaporation technique remarkably. 

The maximum yield of fullerene is not produced by the flame which generates very a lot of soot. 
Moreover, fullerene yield increases with the rise of temperature, and the fall of a pressure under the 
conditions from which the same change produces low soot yield. These inclinations in data reflect the 
substantial difference during formation and the destructive reaction of fullerene as compared with them of 
soot. 
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-u>s*tos-r-2>4>©-c*>ti« > ^frte&mm^mit 
£m-c&-?xixi:iK ®mmt> mkzn. c©ssi^ 

^ctms. 7?-i>>mitZ. m^mmmicj: 
otam-r^cim^ }(&tu^«. urn* 

Hffl©IS#%lftDJ 

M 1 A^«ati5^©m7«IS-v'XX-i^ 
£. 

H2tt. Ai^^«im«?©iStttgffi<*^DVh^7Ar 

20 H4«> c, 0 7 7-u>©uv-visx--id' 

- ( feed- through) 4 ^W^W^*JJ:C>*^0- 

W&W&faiMgl&ZtlZ> K y;U* y/S-^'-T- (drille 
d copper burner) d^ltiWicBj— ^C^{4L//c7 5 h7 
Cn»rtSr^5c{b5n5. A^«> ilS^^TSStt 
©^^fiSb^ct^^tcJc^m^H^n^ HB. <E-©rt 
gf5©Sefc J: c>*M©r^a*^ /< - ^*H*> 6 ©^g|£ 
JiSB^plfflCCfc otO^ttS, «^-^tc©3T* 
■^^.S. ^-tH, «bm«> «©^^tectc/^S©ti 

<fc o*{ b^M j&(c oci-c©*^^©? 1 -^*^^^?^^ 
40 -r^tcoii-cr^So 

fe(T©teffl«c*j e fc vm* ©— ii©^ftrr A^^^sSE 

-»^-7 v a3El.60~13.35kPa;M7C/Qtb0.72~l. 
07 i^^J-t Jb% 0 ~ 30; A- ^ 298KCC t$W 5 jISl4 
~75cm/s„ ^&A^«. 1.6~2.8B$R8ilif$L/c„ 

a^©HS^«=r«sJ5«sf*ftS?Ufc. Alfe 
F*3©^'-^-^6©B>fS!E^t(cfca»rfc. Aife©*mtc*j 
i^r^, ^?a^ -< ^^-tc*s-^^nft:7j<B^©^'ci-7'. 

Ute. */c. «£U*&. /<-^?-i'>>'<©l*9a5* 

50 ®^6feHX*L/fc„ AffeS]S*Jj:c>*^Xia^;1f#B?rffl^ 



7 

r^wufc. «awac*^«* (ei) wmx^? Yfo* 

HICC^-T. 373K— 673KK:J0j»Uft:iSScJfA^P-^ 

ft, m/e720fc<fc^840CC*5^S^^^>i % m/s360te 
J: O'420Cc te » & —IffiffiTOH^ * > t «rWT ^Qo^d: 

7 r -f h8Wfc^T«£3*TCl>£Jt (0.02-0.18) 
U-ff 5 -* (DAD) CClS^3**:i*ttlH([»^D 

its~)l-Zs?uuJ2>&MffiT?ft-?tc 0 R4KMB, 

236-500nmCD^gEraOCt)/corgRl|X(D?D^-^X.'6o ^ 
T*J*5<t*J:b0!l"rS. ^3tlfcC-60tect^C-70hr 

4i*p©t-^«:^k:^ST4*^ (uv) x^ 

JEl^O F^^-pJtlx^^ h;l, (uv-vis) 

*»J«c<i:9«tSU HPLC£«iffl*X^* hA4HR<D?* 
2?y>T§BftOfc. C-60te<fctfC-70fc - ~*tDuv-vi 

cfca f 04^C^L,/cX^^ -tft-eft, Ajie et a 

WKlCCliJ— Tabo/c [J.Phys.Chem.94,8630-8633 (199 



C4) *Sf*F3 4 04 63 2 

8 

0) ] . 

q o t>*c 7 o -c* £ t # a n & HPLdii^cD^ x x ^ 

m/e720iC^f^-X t'-^^^ % 7k^<Dll^c^ 

X-<^ h;l/4*gK:^»tS«ftt4WtSv^x^* h 
10 m/e840tC^^^— X f-^^MU m/e420 

m « (ommcc -o^x<dc* 0 +c 70 <Di&mi6 i ac 7 0 /q , 

«CD«fi<D0.003-'7%rfeO, CtlK, if =7 
^^>10%"C(DC/Qtb0.995, 298KX<D^— ^(D^Xjtfi 

49.icm/srf#e>n/c 0 ^cifeiaatt, ^«isooio?*o 

-rSCi^S^K-rs. U^U, EE^^<gT3i±^(C« v 
^^ril^>SS(Da s Lii*fST3i±, ^tlCCcfc^ x 

K»B, + >'*<DmteZf&&X$LmUtc& s 

50 <D»m3nfcJ|»t^4^ffl^*I^Bir««ft«: 



C5) 



ftftS 4 04 632 



c ft 6 cd/^ y - 3? ? ^ - u >jR^tej: tfffijS 

hSUb^O.02— 0.18T £>&C7XC#tl,T x 0.26— 5.7CDIU 
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tlli) 



wo 

95 
90 
S5 
SO 
/5 

to 

$5 
SO 
55 
50\ 
45 
40 
35 
30- 
25- 

*°: 

/5- 
/0 
5 

OH 

350 



360 



720 



30/ 



4?0 



43/ 



40/ 50/ Mf ~Y 

li t Q| Idrft t i l tfi. ■■■>![>. tl | »l«.ji | *,«... f | f ft l> . i y AI »l | h< a L 



J» * * * 4)5 W 535 75, Sh W 7?S sk > sh TT s TT^ S & 




(6) 



3$fF3 4 0 4 6 3 2 




C7) 



$£1*3 4 04 63 2 



7^J^*i3a7 FJH80304. #V 
)\,#- t Y V — 4 • T^^-*- 6035 
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